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Why Participate in Pico Grid Smart Home Energy Management
Project?
●

Societal Needs

●

Scientific Needs

➢ Global Needs
➢ Local Needs

NSF-RET ENERGY
(Award# 1609524)

Societal Needs - Global
●
●
●
●

Dramatically reduces global warming emissions
Improves public health
Provides jobs and other economic benefits
Dramatically reduce the water requirements for power
production compared to fossil-fueled power plants.

https://www.ucsusa.org/clean_energy/smart-energy-solutions/increase-renewables/renewable-energy-80-percent-us-electricity.html
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Societal Needs - Local
Chatham
●
●
●

Large homeless population, specifically
veterans.
Community project building tiny homes
for homeless veterans.
Reduce energy consumption and utility
costs in the tiny homes, but also can help
everyone in the community with energy
costs/needs.

Muscogee
●

●
●

●

Students will benefit from the technical
skills of engineering design, problem
solving and trouble-shooting.
Average home Heating is 91% of fuel cost
and cooling is 45% of electrical cost.
Students will have a tangible
understanding of the role energy
consumption of various devices play in a
Pico grid.
Students will understand the need for
using equipment to evaluate electrical and
electronic components and systems.
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Scientific Need
•
•
•

As the human population increases the demand for energy increases.
Today’s students are tomorrow’s engineers, mathematicians, politicians and scientists. They
will determine our future as a nation.
The NSF RET grant has provided students (through teacher participation) the opportunity to
interact with cutting edge technology, problem solve real world issues affecting their
community and explore solutions to those problems. Through the program they will become
interested in STEM fields and discover that they are innovators within their community.

https://www.energy.gov/science-innovation
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Power Systems Basic Components
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Hierarchy of the Smart Grid
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Traditional Smart Home
Pico Grid (or traditionally referred to as a Smart Home) will be interconnected
using a Home Area Network to an energy management system.
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Proposed Project Objectives
Pico-Grid Smart Homes Power Management
In this project, we:
1) Investigate the different power consumption characteristics and identify wasted
energy within homes.
2) Design a centralized smart energy management system.
3) Develop an algorithm integrated into the smart energy management system
using communication standards to reduce power consumption. This will allow
for monitoring and recording the power flow throughout the pico-grid.
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Our Research Question
●

Can a smart system be designed to classify different devices and
monitor their power consumption?
Annual Energy Consumption
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Hypothesis
●

We can accurately classify devices and monitor power
consumption through a smart home management system
using artificial neural networks.

The human
brain is a
neural
network.
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System Circuit Flow Diagram

Data Acquisition Circuit (DAC)
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Planning the Circuit
Power Supply Stage

Transducer Stage

Signal Conditioning and Capture Stage
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Building the Data Acquisition Circuit

Kathleen learning to solder (wearing
safety glasses!)

Oscilloscope, digital multimeter, soldering iron and
helping hands used to make the DAC

Mbonya finishing her circuit
(wearing safety glasses).
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DAC Development Stages
DAC with Power Supply and
Transducers installed

DAC with the IC socket for the
signal conditioning/capture stage
added in the lower left

Final stage of the DAC shown;
potentiometers and power plugs
have been added
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11k Ohm Resistor
Potentiometers

Resistors
Operational
Amplifier
Analog-to-Digital
Converter

Voltage
Transducer
(Sensor)
Current
Transducer
(Sensor)
5 Volt Power Supply
(Voltage Regulator)
15 Volt Power Supply
(Voltage Regulator)
2 Amp Fuse
1 Amp Fuse
Wall Power Connector
Appliance Power Connector
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BeagleBone Black Interface with DAC

http://exploringbeaglebone.com/chapter15/
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Matlab Graphical User Interface
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Artificial Neural Networks
Human Neuron

ANN Matlab Model/Device

Mathematical Model
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Our Proposed Neural Network Classifier
Microwave

Fridge

Fan
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System Testing - DAC
Device

Microwave

Mini Fridge

Fan

Current (Amplitude)

8

(16 peak to peak)

.6

(1.2 peak to peak)

.4

(0.8 peak to peak)

Power Consumption
(amplitude/sqrt(2) * 120 Volts)
679 Watts

102 Watts

68 Watts
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System Testing - ANN Classification
Microwave

Fridge

Fan

Device

Microwave

Fridge

Fan

All Device Average

PPV

100.0%

85.4%

85.1%

90.2%

NPV

100.0%

95.9%

97.3%

97.7%

Accuracy

100.0%

94.2%

95.2%

96.5%
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Confusion Matrices
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Video of DAC Interface

NSF-RET ENERGY
(Award# 1609524)

Conclusion & Further Work
●

We were able to accurately design a smart home energy management
system that was able to classify devices with an average accuracy of
96.5%.

●

The system was also able to monitor and log power consumption data
of different devices.

●

In the future, this system can be expanded to provide diagnostic
information regarding different home devices.
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The STEM Academy @ Bartlett

The STEM Academy @ Bartlett is a 6-8 public Middle School with an advanced curriculum
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Chatham County Demographics
• CCRPI score for The STEM Academy 2018 79.2
• Target Audience – County/School
• 145,094 Total Population/682 School
• 38,171 in Public K-12 School/36% in Private Schools (2018-2019 School Year,

http://www.seda.org/Data-Sets/Education-K-12-(1))

• 63.8% Minority in County (African American, American Indian, Hispanic,

Asian)/53% Minority in School

• 74% minority in school system
• 24.0% in Poverty
• 72% free and reduced lunch in system/40% school

(http://decal.ga.gov/documents/attachments/18FreeRedQualSchools.pdf)

• 86.6% HS graduate or higher
• 12.2% bachelor's degree or higher
(https://www.greatschools.org/georgia/savannah/8488-The-Stem-Academy-At-Bartlett/)
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GW Carver High School

GW Carver High School is a Title 1 high school housing grades 9-12
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Muscogee County Demographics
• Columbus-Muscogee is the first consolidated city-county in GA.
• Target Audience – High School
• 194,058 (2017) Total Population
• 853 Students at Carver High,
• 9057 Total High School students in County
• 46% male and 54% female at CHS
• 99% Minority* enrollment at CHS, 73.77% Minority in MCSD

*(African American, American Indian, Hispanic, Asian)

• 21.7% in Poverty in Columbus, Georgia
• 100% free and reduced lunch at Carver
• 87.1%, HS graduation rate
• 34.2% of graduates are college ready

*https://www.nsf.gov/statistics/2017/nsf17310/digest/introduction/
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Lesson Plans: 5E
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Next Generation Science Standards
For Hobbs’ Physical Science Classes

HS-PS3-1 Create a computational model to calculate the change in the energy of one component in a system when the change in energy of the
other component(s) and energy flows in and out of the system are known. [Clarification Statement: Emphasis is on explaining the meaning of
mathematical expressions used in the model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to
systems of two or three components; and to thermal energy, kinetic energy, and/or the energies in gravitational, magnetic, or electric fields.]

energy flows

computational model

mathematical expressions
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Georgia Standards of Excellence
For Hobbs’ Physical Science Classes

SPS7. Obtain, evaluate, and communicate information to explain transformations and flow of energy within a system.
a. Construct explanations for energy transformations within a system. (Clarification statement: Types of energy to be addressed include
chemical, mechanical, electromagnetic, light, sound, thermal, electrical, and nuclear.)
SPS10. Obtain, evaluate, and communicate information to explain the properties of and relationships between electricity and magnetism.
a. Use mathematical and computational thinking to support a claim regarding relationships among voltage, current, and resistance.
b. Develop and use models to illustrate and explain the conventional flow (direct and alternating) current and the flow of electrons in simple
series and parallel circuits. (Clarification statement: Advantages and disadvantages of series and parallel circuits should be addressed.)

energy transformations

relationships among
voltage, current, and
resistance

simple series and parallel circuits
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Lesson Plans For Hobbs’ Physical Science Classes
5 days if 90 minute block per day/10 days if 50 minute period per day

(The lesson that I will use with my students will take place after we have covered the basics of how energy flows and how to calculate energy conversions.
They will have also been introduced to the Tiny Homes for Veterans Grand Challenge in their Research class.)

Monday (Engage):
● Vocabulary overview. Review safety guidelines for electricity.
Create visual vocabulary. (Word, short definition, picture)
● Using the PEMS, test various devices to get the power ratings and
calculate how much each would cost to run.
● Give students a budget for the power expenditures per one tiny home
and have them come up with solutions for problems the veterans may
encounter regarding power costs.
Tuesday (Explore):
● Discuss the purpose of an energy audit and go over how to do one at school.
https://docs.google.com/presentation/d/1BREJujhb_F9Yn49MsHgF7d2kKam8Ha3_qVnSnA73pMM/edit?usp=sharing
Wednesday (Explain):
● Discuss the results of the energy audit from home. Begin research on forms of alternative energy.
Thursday (Elaborate):
● In small groups, choose two forms of alternative energy to compare and contrast for use in the tiny home project in
Savannah. Create a presentation to campaign for the one form you think is best. Use graphs and mathematical evidence to
support your choice.
34
Friday (Evaluate):
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Tiny Home Project for Homeless Veterans, Savannah,
Georgia

https://www.wtoc.com/2019/06/27/v
eterans-will-soon-move-into-tinyhomes-savannah/
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Engineering Manufacturing Standards - Myers
ENGR-FMMS-6. Students will describe the essential systems and processes
involved in manufacturing.
r. Describe the role of quality control in the manufacturing process.
s. Explain the importance of quality control within a manufacturing system.
ENGR-PE-4. Students will conduct
pre-production market research,
product design, and product development.
b. Choose appropriate materials and processes
for the specified product.
c. Develop a product prototype.
36
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Engineering STEM Standards - Myers
ENGR-STEM-4. Students will apply principles of science, technology, engineering, mathematics, interpersonal
communication, and teamwork to the solution of technological problems.
a. Work cooperatively in multi-disciplinary teams.
b. Apply knowledge of mathematics, science, and engineering design.
c. Demonstrate strategies for identifying, formulating, and solving technological problems.
d. Demonstrate the techniques, skills, and knowledge necessary to use and maintain technological products and
systems.
ENGR-STEM-5. Students will select and demonstrate techniques, skills, tools, and understanding related to energy
and power, bio-related, communication, transportation, manufacturing,
and construction technologies.
d.
a.

Evaluate the interdependence of components in a technological
system and identify those elements that are critical to correct
functioning.
Apply analytical tools to the development of optimal solutions for
technological problems.
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Engineering Academic Standards - Myers
Math
MM1P1. Students will solve problems (using appropriate
technologies).
MM1P4. Students will make connections among mathematical
ideas and other disciplines.
Science
SCSh4. Students will use tools and instruments for
observing, measuring, and manipulating scientific
equipment and materials.
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Next Generation Science Standards - Myers
SPS10. Obtain, evaluate, and communicate
information to explain the properties of and
relationships between electricity and magnetism.
a. Use mathematical and computational thinking to
support a claim regarding relationships among
voltage, current, and resistance.
b. Develop and use models to illustrate and explain the conventional flow (direct and
alternating) current and the flow of electrons in simple series and parallel circuits.
(Clarification statement: Advantages and disadvantages of series and parallel circuits
should be addressed.)

39

NSF-RET ENERGY
(Award# 1609524)

Lesson Plans For Myers’ Engineering Classes
Monday (Engage):
● STEM Pre-Survey and Multimeter Pre-test. SAFETY Review/Lesson.
● Students discuss their experiences with powering “Jumping” a car.
● Connect to TSA Competitive Events, Professional Skills,
careers and degrees.
● Vocabulary-Students will be able to define and explain terms and concepts.
Tuesday (Explore):
● Sparkfun: How to Use a Digital Multimeter - https://www.youtube.com/watch?v=SLkPtmnglOI
● Students will be able to use a digital multimeter to measure continuity, resistance, voltage and current.
● Students will explore the graphic symbols that represent the components.
● Students will be able to draw a circuit.
Wednesday (Explain):
● Students will be able to discuss the results of using the digital multimeter to measure continuity, resistance, voltage, and
current. Students will be able to calculate values using Ohm’s Law.
Thursday (Elaborate):
● The concepts of Grid, Micro, Nano and Pico grids are explained. Students will predict energy use of common household
devices. Results and graphs from Matlab Pico Grid.
Friday (Evaluate):
● STEM Post-Survey and Multimeter Post-test. Evaluate TSA competitive events requiring use of multimeter.
40
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Lesson Plans For Myers’ Engineering Classes
Multimeter Activity Unit
This breadboard unit was designed to give students guided practice in taking the various readings on the multimeter.
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Lesson Plans For Myers’ Engineering Classes
Multimeter Activity Unit
The schematic design was developed to help students determine the correct points for testing.
designed using CAD to protect the multimeter activity unit.

The case was
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Lesson Plans For Myers’ Engineering Classes
Multimeter Skills Activity
The accompanying activity sheets were designed to assist students in exploring the many functions of the Digital Multimeter.
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Lesson Plans For Myers’ Engineering Classes
Multimeter Skills Activity
The accompanying activity sheets were designed to assist students in exploring the many functions of the Digital Multimeter.
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Lesson Plans For Myers’ Engineering Classes
Multimeter Skills Activity
The accompanying activity sheets were designed to assist students in exploring the many functions of the Digital Multimeter.
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Future Plans For Myers’ Engineering Classes
Robotics and Automated
Systems Classes
The RAS classes build
robots for competition as
well as Industrial robots
used in manufacturing.
The knowledge of
multimeter use will be
conually used in these
projects throughout the
entire year.
The Technology Student
Association Will be using
the skills learned to add
solar power to the Electric
vehicle for competition.

Production Enterprises Classes
The PE class will be using the digital multimeters to develop new projects as well
as improve on the previous year’s design of a “Kids Kart” by adding a solar
powered, solar tracking cell phone charging station.
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Plans for Dissemination
• Implementation in the Physical Science classrooms on the campus of the STEM
Academy @Bartlett School.
• Implementation in the Engineering classroom on the campus of GW Carver
High School.
• Professional Conferences - GAeTE, GETEA, GACTE, Local School Districts.
• Institute of Electrical and Electronics Engineers (IEEE).
• STEM Teaching & Leadership.
• American Society for Engineering Education (ASEE) Paper.
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Any Questions?
Join us and become Smart in Utilizing ENERGY

